M usculoskeletal pain conditions are highly prevalent and rank among the leading causes of years lived with disability worldwide. 1 In the United States, chronic musculoskeletal pain is an epidemic because it is highly prevalent, with indications of increasing prevalence and is a leading contributor to disability. 1, 2 However, physical therapists are still challenged when predicting which patients with musculoskeletal pain are at high risk for persistent symptoms.
Previous prognostic research has primarily focused on pain and functional outcomes. For example, a recent systematic review of 78 studies to identify generic prognostic indicators across a wide range of musculoskeletal pain conditions in primary care settings predominantly consisted of studies reporting on physical function (n = 37) or pain severity (n = 23) outcome measures. 3 Interestingly, persistence of symptoms was not commonly evaluated (n = 11; 14.1%) as an outcome domain in the studies included in this review. 3 As a result, there is a knowledge gap in the ability to predict which patients with musculoskeletal pain conditions may be at high risk for persistent pain.
Accurate prediction of persistent musculoskeletal pain is challenging for a variety of reasons. In population-based research, extensive heterogeneity in how persistent pain is defined has been implicated as a reason for variability in reported prevalence estimates. 4 Frequently, symptom duration based on single temporal thresholds (eg, >3 months) are used to operationally define chronicity; however, such methodology does not alone provide an indication of chronic pain. [5] [6] [7] [8] To account for these limitations, the National Institutes of Health Pain Consortium Task Force has provided recommendations specifically for chronic low back pain that distinguish between episodic and ongoing symptoms by asking questions to assess the duration of symptoms over time and the duration of persistent, ongoing symptoms over consecutive days. 9 In addition, the Institute of Medicine's Interagency Pain Research Coor dinating Committee has recommended a 2-tiered approach in the National Pain Strategy consisting of screening for chronic pain based on duration and severity followed by assessment of participation restrictions to identify high-impact chronic pain. 10 These definitions have been proposed for low back pain but also provide parameters applicable for other musculoskeletal pain conditions. 11 Recent clinical practice guidelines from the American College of Physicians and Centers for Disease Control and Prevention recommend nonpharmacologic interventions as front-line treatment options for acute and chronic pain conditions. 12, 13 Health care providers (including physical therapists) will be responsible for accurately predicting responders to nonpharmacologic interventions delivered. From a health services research perspective, there is a need to understand what patient-level factors are predictive of persistent pain to inform the planning of future investigations evaluating the effectiveness of treatment options for nonpharmacologic care pathways. This prognostic information could also be used to inform patient and clinician preferences, improve efficiency of referral patterns to other health care providers when appropriate, and identify patients at higher risk for escalated health care utilization including unwarranted exposure to interventions associated with increased harm (eg, opioid medications). Consequently, early identification of those likely to have persistent pain provides multiple opportunities for physical therapists to improve musculoskeletal pain management strategies.
Therefore, the purpose of this analysis is to identify patient-level factors predictive of persistent musculoskeletal pain 12 months after an episode of physical therapy. Specifically, we were interested in determining whether newly developed assessment tools for pain associated psychological distress and review of systems improved prediction of persistence of pain in combination with other patient-level factors. Results from this analysis would provide information on whether these tools are useful measurement adjuncts in combination with other patient-level factors to identify those at risk for persistent pain 12 months after seeking physical therapist treatment.
Methods
This is a secondary analysis from the Optimal Screening for Prediction of Referral and Outcome (OSPRO) validation cohort. 14 A convenience sample (ie, without tracking percentage eligible) was gathered between December 2014 and December 2015 with 12-month follow-up assessment occurring through January 2017 and included 9 clinical sites distributed across several different geographical regions in the United States. The primary goal from this cohort study was to determine predictive validity of the newly developed assessment tools-OSPRO Review of Systems (OSPRO-ROS) and OSPRO Yellow Flags (OSPRO-YF)-for self-report of clinical outcomes for pain, function, comorbidity change, and health care utilization. The OSPRO-ROS and OSPRO-YF tools are currently in the process of being validated for clinical outcomes and health care utilization, which will constitute the primary validation analyses. The purpose of this planned secondary analysis was to supplement the primary analyses investigating whether the newly developed OSPRO-ROS and OSPRO-YF tools improved prediction of a separate outcome of interestpersistent musculoskeletal pain. Details on the rationale, design, and methods for the cohort study are available in a prior publication that describes the methods in more details and identifies the outcomes of interest for the primary validation analyses. 14 
Participants
People between the ages of 18 and 65 years were eligible to participate in this study if they were seeking outpatient physical therapist treatment for musculoskeletal pain; had primary reports of pain involving the cervical spine, lumbar spine, shoulder, or knee; and were able to read and comprehend the English language (necessary because of self-report forms). People were excluded from study participation for any diagnosis indicative of widespread chronic pain syndrome (eg, fibromyalgia or irritable bowel syndrome), neuropathic pain syndrome (eg, complex regional pain syndrome or diabetic neuropathy), psychiatric history (currently in care of mental health care provider or taking ≥2 prescription psychiatric medications), cancer (currently receiving treatment for active cancer), or neurological disorder (eg, stroke, spinal cord injury, or traumatic brain injury). For this analysis, we included only people for whom complete follow-up data were available because our primary objective was to test the newly developed OS-PRO-ROS and OSPRO-YF tools for predicting persistent musculoskeletal pain at 12 months.
Predictive Measures
Demographic and historical variables. Participants completed a standard intake form previously used in our clinical studies 15, 16 including age, sex, race, household income, education level, and geographic region. Historical data included anatomical location of the pain, previous episodes, and surgical history.
Pain-related clinical variables. Baseline pain status was assessed on the basis of established definitions that account for the duration of pain and activity limitations 17, 18 using the following 2 questions: "How long have you been experiencing your current painful symptoms?" and "Have you experienced ANY pain and activity limitations every day for the past 3 months?" Open-ended responses to question 1 of "greater than 90 days" or a response to question 2 of "Yes" were then used to create a categorical variable classifying participants as having persistent pain at baseline (Yes or No). Baseline pain intensity was assessed with a numerical pain rating scale (with scores from 0 to 10), and participants rated their current pain intensity as well as their best (lowest) and worst (highest) pain intensity over the past 24 hours. [19] [20] [21] The average of these 3 ratings was used to represent baseline pain intensity for this analysis. OSPRO tools. The OSPRO-ROS tool was administered at baseline. 24 This measure includes standard symptom descriptors previously used to assist with identification of systemic involvement consisting of questions related to symptoms of the cardiovascular, gastrointestinal, endocrine, nervous, inte gu mentary, pulmonary, and musculos keletal systems. The OSPRO-ROS tool was scored by summing the positive responses, providing a potential range of 0 to 23 if all 23 items are used with higher scores indicating higher levels of systemic symptom reports. 24 Predictive capacity of the short version (10 items) and additional items (13 separate items) of the OSPRO-ROS tool were evaluated separately.
Comorbidities
The OSPRO-YF tool was administered at baseline, 4 weeks, and 6 and 12 months later. 25 This measure includes items from pain vulnerability domains (negative affect and fear-avoidance) and pain resilience domains (positive affect and self-efficacy) to assist with identification of pain associated psychological distress. The OSPRO-YF tool was scored by summing all item responses from the original parent questionnaires on the original scale, with positive coping items reverse scored, providing a potential range of 6 to 89 if all 17 items are used with higher scores indicating higher levels of psychological distress. 25 Predictive capacity of the short form (10 items) and predictive capacity of the additional items (7 separate items) of the OSPRO-YF tool were evaluated separately.
Outcome
Persistent musculoskeletal pain was assessed by self-report responses. 9 Participants provided responses to questions on duration of pain and activity limitation in regard to the musculoskeletal pain condition they had received physical therapist services. At the 6-and 12-month follow-up assessments, the following 2 questions were asked: "How long has your musculoskeletal pain condition been an ongoing problem for you?" and "How often has your musculoskeletal pain condition been an ongoing problem for you over the past 6 months?" Responses to question 1 of "greater than or equal to 3 to 6 months" and responses to question 2 of "every day or nearly every day" or "at least half the days" were used to create a variable that classified pain as "persistent" at 6 and 12 months (Yes or No). 9 The 12-month response was used as the endpoint of interest for our regression analyses, and responses to the 6-month follow-up questions allowed for the potential to distinguish between episodic and ongoing symptoms consistent with previous recommendations.
Data Analysis
Means and standard deviations were calculated for all baseline continuous variables and frequency counts with percentages were calculated for categorical variables. These baseline descriptive statistics are presented for the entire study sample comparing those classified as having and not having persistent musculoskeletal pain at the 12-month follow-up assessment. All analyses were performed at an alpha level of .05.
Predictive analysis. Our primary analysis assessed the additional variance explained by the OSPRO-ROS and OSPRO-YF tools after considering other patient-level factors for predicting persistent musculoskeletal pain at 12 months using logistic regression with completed cases as described in Table 1 . This full model consisted of several separate blocks to account for all planned covariates (blocks 1 and 2) prior to considering OSPRO tools (blocks 3 and 4). After block 4, changes in OSPRO-YF tool and pain intensity scores at 4-weeks were included to investigate potential use for treatment monitoring purposes (block 5). After block 5, interaction terms for OSPRO-ROS and OSPRO-YF tool by baseline persistent pain were included to investigate influence of tools based on baseline persistent pain status (block 6). Regression diagnostics were performed to assess for multicollinearity between predictor variables in all logistic regression analyses. Predictive performance of models for discrimination (ie, ability to separate participants with and without persistent musculoskeletal pain at 12 months) 26 was assessed using the area under the receiver operating characteristic curve (AUC). AUC estimates have the potential to range from 0.5 to 1.0, with 0.5 indicating that the model is no better than chance at discriminating people who have persistent musculoskeletal pain at 12 months from those who do not. For consistency with previous studies, 27, 28 AUC estimates were interpreted as follows: <0.6 = noninformative, 0.6 to 0.7 = (poor) discrimination, 0.7 to 0.8 = acceptable, 0.8 to 0.9 = excellent, and >0.9 = outstanding.
Exploratory predictive analysis. Exp lora tory analyses identified predictors that could be used to inform future risk model development. 27, [29] [30] [31] Specifically, to search for simpler and more clinically applicable models that optimize predictive power with fewer predictors, we identified 2 parsimonious models using backward selection methods. Parsimonious model 1 was constructed by applying backward selection to the model that included all variables up to block 4; while parsimonious model 2 resulted from the full model including all variables to block 6. The significance level for deletion of a variable from the model was set at .05. To determine predictive capabilities of OSPRO tools after accounting for planned covariates.
Role of the Funding Source
Parsimonious model 1 (after block 4)
To determine best-fit model after accounting for planned covariates.
Parsimonious model 2 (after block 6)
To determine best-fit model after accounting for planned covariates, change scores, and OSPRO tool × baseline persistent pain interactions. 
Baseline Differences
Differences in baseline characteristics for persistent musculoskeletal pain groups are provided in Table 2 . Participants with persistent musculoskeletal pain at 12 months were associated with more previous episodes in the same anatomical area over the past year and had higher intake pain intensity scores (P < .05). Other intake differences for those with persistent pain included increased number of comorbidities and, higher OSPRO-ROS and OSPRO-YF scores (P < .05). No other baseline differences were observed, including comparisons across body regions for which participants were receiving physical therapist care (Tab. 2).
Prediction of persistent muscu loskeletal pain at 12 months: primary "full-model" performance. Variance explained for the full model (with all covariates) in blocks 1 through 6 increased from 0.215 to 0.382; the Nagelkerke maximum rescaled R 2 increased from 0.294 to 0.521; and the AUC increased from 0.777 to 0.878. The incremental details of the above statistics are summarized in Table 3 . As expected, after accounting for demographic, clinical, and comorbidity variables (block 1), the addition of baseline persistent pain status and pain intensity (block 2) provided the largest incremental change in variance explained (R 2 = 0.063) for the prediction of persistent musculoskeletal pain at 12 months. The subsequent addition of baseline OSPRO-ROS and OSPRO-YF tools (10-item versions) (block 3) and additional item versions (block 4) provided less incremental change in variance explained, with R 2 ranging from 0.015 to 0.016. Changes in OSPRO-YF tool and pain intensity scores at 4 weeks (block 5) still contributed additional variance (R 2 = 0.059); however, OSPRO-ROS and OSPRO-YF tool × baseline persistent pain interactions (block 6) did not contribute to the prediction of persistent musculoskeletal pain at 12 months. 
Discussion
The purpose of this analysis was to evaluate the predictive capacity of newly developed screening tools in combination with patient-level factors for persistent musculoskeletal pain 12 months after an episode of physical therapy. Our results indicated that number of comorbidities, pain intensity (baseline and 4 week changes) and OSPRO-ROS (additional 13 items) were consistent predictors for persistent musculoskeletal pain at 12 months in full and parsimonious models. These are important findings because persistent pain has not been commonly evaluated in previous predictive studies using concise screening tools 16, 32, 33 ; however, it is a relevant outcome in an era of front-line nonpharmacological pain management. 12, 13 These findings suggest that prediction of persistent musculoskeletal pain can improve statistically when a review of systems tool is used in conjunction with comorbidities and baseline pain intensity.
Primary Musculoskeletal Pain Site
Although not a primary aim, the findings relative to anatomical body region are noteworthy for 2 reasons. First, when comparing participants with and without persistent musculoskeletal pain at 12 months, distribution across body regions (neck, low back, shoulder and knee) were similar (Tab. 2). Second, anatomical location of musculoskeletal pain (when combined with other variables) did not contribute variance to persistent musculoskeletal pain at 12 months in any logistic regression models (Tab. 4). These findings are consistent with previous work from our group and others indicating primary anatomical location of musculoskeletal pain site not being associated with clinical outcomes in physical therapy settings. [34] [35] [36] For example, George et al 34 observed similar prevalence rates for depressive symptoms with consistent detrimental influence on clinical outcomes across neck, lumbar, upper and lower extremity body regions. As a result, the authors suggested screening for depressive symptoms should be expanded in physical therapy settings to include all body regions impacted by musculoskeletal pain. 34 Similarly, findings from this current study suggest that the OSPRO-ROS tool additional items may be used across anatomically different musculoskeletal pain conditions for improving the prediction of persistent musculoskeletal pain at 12 months after comorbidities and baseline pain intensity are considered. While these findings are encouraging, future studies incorporating more sophisticated analytical strategies are required before we can advocate for clinical use of the OSPRO-ROS tool additional items for the prediction of persistent musculoskeletal pain.
OSPRO Tools
Conceptually, the OSPRO-ROS and OSPRO-YF tools were developed to assist with the identification of systemic involvement and pain-associated psychological distress, respectively. Although we did not test their independent, unique predictive capacity in the primary analysis, the OSPRO ROS and OSPRO-YF tools together were found to contribute additional variance to persistent musculoskeletal pain at 12 months when combined with other predictors in the full model (Tab. 3). The variance explained by the addition of these tools was smaller than other blocks in the model, and as a result, the clinical implications of using the OSPRO tools to predict persistence of pain are not immediately clear. However, the amount of variance explained is comparable to how other commonly used screening tools perform in multivariate analyses. 16, [37] [38] [39] Consistent contributions to persistent musculoskeletal pain were provided by the OSPRO-ROS tool additional items in full and parsimonious models, indicating that tool merits further attention in future predictive models. Contributions provided by the OSPRO-YF tool were not as consistent, potentially as a result of the inclusion of 4-week pain intensity change scores in our predictive models (ie, parsimonious model 2); however, this notion is purely speculative, and future analyses will provide further clarification regarding OSPRO-YF tool clinical utility.
Using both OSPRO tools to screen for systemic involvement and pain associated psychological distress yellow flags when combined with other patientlevel factors may potentially improve prediction of persistent musculoskeletal pain, which is a novel aspect of this study as previous musculoskeletal pain screening studies have tended to focus on pain related psychological distress 27, 32, 33 for prediction of pain intensity, disability, or return to work outcomes in patients with low back pain. 16, 32, 33 
Comorbidities
Compared to individuals with ≥2 comorbidities; those with no comorbidities were less likely to have persistent musculoskeletal pain at 12 months (Tab. 4). These findings are consistent with previous studies indicating the adverse influence comorbidities have on musculoskeletal pain related outcomes, [40] [41] [42] which has important implications as many individuals with musculoskeletal pain are also characterized with nonmusculoskeletal comorbidity. [43] [44] [45] These implications may have a more profound effect for individuals with multisite musculoskeletal pain based on the strong positive relationship between number of pain sites and nonmusculoskeletal symptoms. 46 Therefore, physical therapists should strongly consider routine comorbidity assessment to enhance clinical decision making for outcome prediction because this approach may not be part of standard clinical practice and because patients with musculoskeletal pain and simultaneous comorbidities collectively tend to have poor functional status and a poor prognosis and to respond less favorably to treatment. 41 
Comparison With Other Musculoskeletal Pain Outcome Prediction Models
Direct quantitative comparison of our predictive models with others that have included concise screening tools is beyond the scope of this analysis; however, providing context for similarities and differences is worth mentioning. First, previous predictive studies incorporating concise screening tools 16, 27, 32, 33, 47 have primarily involved spinal pain, but our sample included a variety musculoskeletal pain conditions-a novel aspect. Second, comorbidities and systemic involvement are not commonly assessed using validated (ie, Charlson Comorbidity Index and Functional Comorbidity Index) 22, 23 or standardized (ie, OSPRO-ROS) 24 measures, therefore these data provide preliminary support for predictive capacity of these measures for persistent pain. Third, compara- 
Opportunities for Physical Therapy
In the United States, we are embarking on an era in health care where nonpharmacological alternatives are being recommended as the primary treatment options for common musculoskeletal pain conditions. 12,13 As a result, providers of nonpharmacological treatment for patients with musculoskeletal pain will be held accountable for demonstrating high value service can be improved through early identification and efficient provision of appropriate treatment for those susceptible to poor outcomes in real-world settings. [48] [49] [50] Physical therapists are well positioned for this accountability challenge considering the magnitude of patients receiving their services for musculoskeletal pain. 51, 52 In outcomes registries, musculoskeletal pain assessment that includes OSPRO tools and other predictive measures can potentially be used to improve performance of predictive models by testing them in large datasets. Future studies using large datasets from outcome registries should consider including the OSPRO tools when developing predictive models. From a clinical practice perspective, there is an opportunity to enhance clinical decision making through treatment monitoring as initial assessment findings are likely to change early during an episode of care. The contribution of 4-week pain intensity change scores to prediction of persistent pain (OR = 1.37) was similar in magnitude to baseline pain intensity (OR = 1.75) in our full model. These findings suggest that to improve persistent pain outcome prediction by treatment monitoring pain intensity assessments should be structured to capture baseline status and a follow-up measure during an episode of care.
Strengths and Limitations
One strength of this study is that we conducted a pre-planned analysis from data generated form a cohort study that consisted of 9 clinical sites distributed across several different geographical regions in the United States. 14 We intentionally used broad inclusion criteria to validate the predictive capacity of newly developed OSPRO-ROS and OSPRO-YF tools, alone and with other measures, across a wide spectrum of musculoskeletal pain conditions. Another strength of this study is that we used a multidimensional approach that included standardized review of system questions, a novel yellow flag tool (that incorporated positive coping aspects) and medical comorbidities for these analyses that is different from previous musculoskeletal pain studies. An additional strength of this study is that we used operational definitions for persistent pain at 12 months that distinguished between episodic and ongoing symptoms as the dependent variable in our analyses. Previous studies have used outcome measure thresholds to operationally define persistent pain, which may not account for the underlying construct of pain persistence.
This study also had several limitations. First, recruitment of participants relied on convenience sampling, which could have introduced selection bias. We did not require participating clinics to monitor people for enrollment in the study for pragmatic reasons, but our intentionally broad inclusion criteria resulted in similarities across many demographic and clinical variables between development 24, 25 and validation cohorts. 14 Second, the 63.4% follow-up rate at 12 months was lower than anticipated; therefore selection bias could influence generalizability of results. Furthermore, there were several differences for those that completed followed-up compared to those that did not. Specifically, these predictive models may need to be adjusted for those who are younger, those who have lower income and education levels, those who are unemployed, and those with higher initial OSPRO-YF tool scores. Third, these findings should only be generalized to patients receiving physical therapy for musculoskeletal pain localized to the neck, low back, shoulder, or knee. We did not assess for multisite pain, which has been reported to account for approximately 20% to 30% of individuals experiencing musculoskeletal pain, 41, [53] [54] [55] or symptoms localized to other anatomical regions (eg, wrist or ankle). Fourth, we acknowledge that including both the Charlson Comorbidity Index and the Functional Comorbidity Index for full consideration of comorbidities may have affected the generalizability of findings to settings that only use 1 of these indexes. In addition, we used an operational definition for chronic low back pain 9 and applied it to persistent musculoskeletal pain in other anatomical body regions at baseline. Although our definition was developed for low back pain, 9 it accounted for pain duration and activity limitations, which is consistent with previous suggestions. 10,11 Future studies would benefit from using standardized operational definitions for chronic pain at baseline and follow-up time points that account for persistence, severity, and high impact as a result of enduring participation restrictions, which is consistent with National Pain Strategy objectives. 10
Conclusion
Comorbidities, pain intensity (baseline and 4-week changes), and OSPRO-ROS scores improved the prediction of persistent musculoskeletal pain at 12 months in this physical therapy cohort. These are potentially important findings because persistent pain has not been commonly evaluated in previous screening studies, but the prediction of this outcome is relevant in an era of front-line nonpharmacological pain management. However, these findings should be interpreted with caution, as there was a lower-than-anticipated follow-up rate at 12 months and selection bias could influence the generalizability of the results. Future research is needed before clinical recommendations for predicting persistent pain outcomes can be made. 
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